Background: Dental caries is the most common microbial disease affecting mankind. Caries risk assessment methods, identification of biomarkers and vaccine development strategies are being emphasized to control the incidence of the largely preventable disease. Pattern recognition receptors such as the toll like receptors (TLR) have been implicated as modulators of host-microbial interactions. Soluble TLR-2 and its co-receptor, CD14 identified in saliva can bind the cell wall components of cariogenic bacteria and modulate the disease process. The objective of this study is to determine the potential of salivary sTLR-2 and sCD14 as biomarkers of caries activity and indirect measures of the cariogenic bacterial burden. Methods: Unstimulated whole saliva was collected from twenty caries free and twenty caries active children between the ages of 5 and 13 years. The concentration of sCD14 and sTLR-2 together with that of the cytokine IL-8 reported to be increased in dental caries was assessed by the enzyme linked immunosorbent assay. Results: While the level of sCD14 and that of IL-8 was equivocal between the two groups, the sTLR-2 concentration in caries active saliva was significantly higher than that in caries free saliva. Conclusions: The sTLR-2 in saliva could serve as a potential biomarker for caries activity.
Background
Dental caries is a multifactorial infectious disease caused by complex interactions between the acid-producing bacteria, fermentable carbohydrates and host factors. Despite being largely preventable, it remains as the most prevalent chronic disease globally [1] . Recent systematic analyses suggest that the incidence of caries exhibits an increasing trend in children aged 2-4 years in the United States [2] . There is evidence for increased prevalence in adults in lower socioeconomic status in European countries. In developing nations the prevalence is increasing in both children and adults [3] .
Early detection of white-spot lesions, arresting demineralization and promoting remineralization are some of the preventive clinical methods currently used in dental caries management [4] . In addition considerable emphasis is placed on developing efficient caries risk assessment strategies to determine the likelihood of an individual developing new carious lesion and/or to determine the status of the caries process on individual tooth surfaces [4, 5] . As disease of the mineralized tissues of the teeth, pathogenesis of caries involves demineralization of enamel by acid producing bacteria and destruction of the organic substance resulting in cavitation [1, 4] .
Saliva is recognized as a rich source of host factors capable of modulating the caries process [6, 7] . Technological advancements have aided in the characterization of salivary proteomics and peptidomics with the identification of 1444 proteins and 11893 peptides respectively [8] . These protein/peptides belong to different functional classes such as those involved in response to stimulus/ stress, antioxidant functions, catalytic functions and enzyme regulators [8, 9] . Several salivary components have been assessed for an association with dental caries. While some exhibit weak association, others were equivocal between normal and caries active saliva [9] [10] [11] [12] . Assessment of salivary glycoproteins with specific oligosaccharides showed that higher levels of select oligosaccharide that facilitate bacterial colonization at the surface of teeth correlate with caries incidence in young adults [13] . Salivary levels of antimicrobial agents such as alpha defensins, statherin and cystatin S have been suggested as potential risk factors for caries development [10, 14] .
Toll like receptors (TLR) are germ line encoded receptors that recognize conserved microbial patterns typically shared by large groups of microorganisms. Currently 13 mammalian TLRs and many of their ligands are known [15] . Functioning either alone or in concert with specific co-receptors in recognizing microbial patterns the TLRs act as gate-keepers constantly sampling the environment and eliciting responses to prevent/control infection [15, 16] . TLR-2 and TLR-4 have been shown to recognize the peptidoglycan of Gram positive and the lipopolysaccharide of the Gram negative bacteria respectively either alone or in association with the common co-receptor CD14 [17, 18] . Odontoblasts localized at the dentino-pulpal surface in healthy teeth have been shown to express TLR-2 and TLR-4. Depending upon the nature of the odontoblastic response caries progression is either suppressed with the formation of reactionary dentin or accelerated leading to pulpal inflammation [19, 20] . Microbial invasion of dentin has been shown to upregulate TLR-4 in odontoblasts and mediate TGF-β secretion facilitating collagen synthesis. In addition TLR-4 signaling in odontoblasts also upregulate matrix metalloproteinase-2 promoting cleavage of dentin sialophosphoprotein (DSPP) to dental sialoprotein (DSP) which forms a nucleation site for hydroxyapeptite crystal formation in the newly formed collagen [19] . Stimulation of odontoblast like cells with cell wall components of Gram-positive bacteria elicited cytokine and chemokine secretions in a TLR-2 dependent manner [20] . Elevated levels of cytokines IL-6, TNF-α and IL-8 have been observed in caries active saliva [21] .
While primarily membrane associated, recently soluble forms of certain TLRs have been identified in body fluids. It has been suggested that the soluble TLRs function to sequester pathogens [22] [23] [24] [25] . Recently, we and others have reported the presence of soluble sCD14 and sTLR-2 in saliva [24, 26] . TLR-2 has been shown to recognize the peptidoglycan and the lipotechoic acid of Streptococcus mutans, the most common cariogenic bacteria [27] . Considerable evidence suggests a strong correlation between the increased presence of cariogenic bacteria in the plaque biofilm and elevated numbers of the same bacteria in saliva [6, 10] . Hence we hypothesized that the level of sTLR-2 and sCD14 in the saliva of caries active individuals will yield an indirect measure of the bacterial burden and act as a biomarker of caries activity. Our data suggest that the sTLR-2 is higher in the unstimulated whole saliva (UWS) of children with active caries lesions.
Methods

Study population
In this prospective non-randomized clinical study forty children between 6 and 12 years of age reporting to the pediatric clinics of the Indiana University School of Dentistry were recruited after obtaining informed consent from the patients and guardian. The study was approved by the Institutional Review Board of the Indiana University Purdue University at Indianapolis. Samples were collected only from children with no known oral or systemic disease other than dental caries and no extracted teeth. Oral examinations of children were performed and caries activity recorded. Twenty children (13 boys and 7 girls) were caries free and twenty children (12 boys and 8 girls) were caries active exhibiting four to eight carious lesions requiring restoration.
Sample collection and processing
All children were instructed to avoid eating and drinking for at least 2 hr prior to saliva collection as described [24, 28] . After rinsing the mouth briefly with water, unstimulated whole saliva (UWS) was collected from each child by the passive drooling method for five minutes in pre-chilled tubes. The samples were transported on ice to the laboratory immediately for processing. Each sample was clarified by centrifuging at 4000xg at 4°C for 10 mins and stored in three aliquots at −80°C in CompleteTM Protease Inhibitor Cocktail (Roche, Mannheim, Germany) until further analysis.
Total protein concentration
The total protein content of pre samples was measured by the Bradford method that involves binding of Commassie blue dye to the proteins [24, 25] . The blue protein-dye form was detected at 595 nm using spectrophotometer (Gensys5 spectrophotometer, Thermoelectronic corp, CA). The concentration of the protein in each sample was determined against a standard curve developed using known concentration of bovine serum albumin.
Enzyme linked immunosorbent assay (ELISA)
For determining sCD14 in saliva a sandwich ELISA kit (R&D Systems, Minneapolis, MN) was used according to manufacturer's recommendations. Anti-human TLR-2 polyclonal antibody (clone: Imgenex Corporation, San Diego, CA) was used for detection of TLR-2. All UWS [24] . The protein content of the precleaned samples was determined as above and precleaned UWS at 1 μg/ml concentration was used for measuring sCD14 and sTLR-2 levels [25] . Preincubation of the UWS with either anti-TLR2 mAb (clone: 1030A5.138, Imgenex Corp, San Diego, CA, USA) (0.5 μg/ml) or with TLR-2 peptides (1 μg/ml) was performed to evaluate the specificity of binding. Bound CD14 and TLR-2 was detected with horse radish peroxidase (HRP) conjugated anti-mouse IgG followed by TMB substrate (Pharmingen, San Diego, CA). Absorbance at 450 nm was read in a microplate reader (model 680: Biorad Laboratories, CA). The concentration of sTLR-2 or sCD14 in pg/ml of salivary proteins was determined using a standard curve of purified recombinant human CD14Fc and TLR-2Fc (R&D Systems) of known concentration. IL-8 concentration in the clarified saliva samples were measured using BD OptEIA3™ ELISA kit.
Statistical analysis
Differences in the concentration of IL-8, CD14 and TLR-2 between the caries free and caries active groups were determined by Students' t-test. p value less than 0.05 was considered significant.
Results and discussion
Despite advances in early detection methods and efficient preventive measures dental caries remains a highly prevalent chronic disease worldwide. The increasing incidence amongst children in developed countries constitutes a disturbing health concern [2, 3] . The demographic details of the study population are given in Table 1 . The total protein concentration of human saliva has been shown to exhibit large variations ranging from 0.4 mg/ml to 7.1 mg/ml [29, 30] . In our study cohort the total protein concentration measured 6.24+/−1.98 mg/ml in caries free saliva and 5.92+/−2.37 mg/ml in caries active saliva ( Figure 1A ). To the increasing number of salivary proteins are added the soluble forms of pattern recognition receptors, the sTLR-2, sCD14 and sTLR-4 [25, 26, 31] . The concentration of sTLR-2 in parotid saliva has been reported to be several folds higher than in whole saliva [31] . The source of sTLR-2 could be either active secretion from the gland and/or a result of extracellular cleavage of the membrane bound receptor. We observed that the concentration of sTLR-2 in caries active saliva (29.5+/−3 pg/ml) was significantly higher than that in caries free Figure 1 Total protein concentration in saliva: Clarified whole saliva was assessed for (A) total protein content by spectrophotometry and (B) IL-8 concentration by ELISA. No significant difference was observed between the caries free and the caries active saliva groups.
Figure 2 sCD14 and sTLR-2 concentration in saliva: Clarified saliva was depleted of the high molecular weight abundant proteins, amylase and immunoglobulins, as described in the methods section to increase the sensitivity of detecting of less abundant sCD14 and sTLR-2. The level of (A) sCD14 and (B) sTLR-2 was determined by ELISA. * represents p < 0.05. saliva (24.8+/−0.6 pg/ml) ( Figure 2B ). Signaling via TLRs in host cells induces cytokine secretion [15] . Previously Gornowicz et al., have reported elevated levels of salivary IL-8 in dental caries [21] . We observed that the salivary IL-8 concentration did not differ significantly between caries free and caries active saliva ( Figure 1B) . The variable observation between the two studies could be attributed to the differences in the age and the nature of the sample (amylase and Ig depleted vs. undepleted). The concentration of sCD14 in saliva was equivocal in both groups; ranging between 509 pg/ml and 1443 pg/ml in caries free group and between 609 pg/ml and 1829 pg/ml in caries active group (Figure 2A) . Previously Bergandi et al., reported complete absence of sCD14 in saliva in children with two to eight carious lesions [28] . The use of pre-cleaned saliva and the method used for measuring sCD14 (Western blot versus sandwich ELISA) could attribute to the observed differences between the Bergandi report and our study.
Based on its strong association with caries incidence multiple studies evaluated salivary levels of S.mutans for caries risk prediction with variable results [1, 32] . The polymicrobial etiology of dental caries as well as the interaction between salivary proteins and S.mutans could contribute to the variability [30, 33] . Four major types of salivary protein-microbe interaction have been observed in vitro. These include aggregation, adherence, inhibition/cell-killing, and nutrition [33] . It is postulated that the observed increase in sTLR-2 in caries active saliva may represent a host measure to combat the increased Gram + ve cariogenic bacteria. This suggests that the salivary sTLR-2 level may represent an efficient biomarker for caries activity. The wide variation in the sTLR-2 concentration in caries active saliva could be due to the extent of caries.
Conclusions
Dental caries is a complex disease, the clinical severity of which depends on the interaction between oral microbes, availability of fermentable carbohydrates and host factors in saliva. This makes identification of predictive risk factors for the carious process very difficult [5, 6] . In this report we observed that two soluble proteins, sCD14 and sTLR-2, that act at the microbial host interface are modified in caries active saliva with a later representing a potential biomarker for caries activity. Future studies will correlate the sTLR-2 levels with the cariogenic bacterial counts in saliva.
Abbreviations UWS: Unstimulated whole saliva; TLR: Toll like receptor.
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